In the present study, we used event-related functional manding matching task for pairs of stimuli at prespecimagnetic resonance imaging (fMRI) to examine whether fied locations, in the presence of task-irrelevant stimuli neural responses to emotional face stimuli will be afat other locations. Faces or houses unpredictably apfected by a manipulation of spatial attention that has peared at the relevant or irrelevant locations, while previously been shown (Wojciulik et al., 1998) to influthe faces had either fearful or neutral expressions.
when faces are masked; Morris et al., 1998b; Whalen et positions) were blocked during each series of trials, whereas the two experimental factors of interest (i.e., al., 1998c). In the latter studies, however, subjects were still required to direct spatial attention to the location of effects of attention, with either faces or houses appearing at the relevant locations, and effects of emotion, the effective stimuli, without any concurrent competing distractors in the scene. Subliminal responses to fearwith fearful versus neutral expressions in faces) were varied independently and thus were entirely unpredictrelated stimuli therefore do not necessarily imply that emotional processing will be immune to modulation by able on a trial-by-trial basis. This led to four critical event-related conditions: attending to faces with a neuspatial attention (Lavie, 1995 Central fixation was required throughout and moniwas greater when attending to faces than when ignoring these and judging the houses instead. Here, we modified tored online. Note that the cross format of the displays discourages any shift of gaze prior to the displays, as this paradigm in two critical respects. First, all our comparisons were event related rather than blocked, so that fixating toward one of the two relevant stimuli would impair acuity for the other relevant stimulus (Duncan, we measured stimulus-locked responses when the particular stimulus type (house or face) appearing at the 1980; Wojciulik et al., 1998) . Note also that the display duration (250 ms) was too brief for saccades to occur task-relevant locations could not be anticipated (i.e., the relevant locations were blocked but the stimulus type and alter visual inputs during each display. appearing there was not). Second, we manipulated the emotional expression of the faces (fearful or neutral), Behavioral Performance independently of whether faces or houses were preMedian response times and error rates in same/different sented at the task-relevant locations. This enabled us matching judgements, performed during fMRI scanning, to assess neural responses specific to fearful faces, as were computed for each subject in each of the four a function of whether these faces appeared at taskcritical conditions and then submitted to repeated-mearelevant or irrelevant locations. Given the results of Wojsure ANOVA, with the factors of attention (judging faces ciulik et al. (1998), we predicted greater fusiform reor houses at the relevant locations) and of emotion exsponses to faces when presented at relevant locations. pression (neutral or fearful faces). Analysis of reaction The critical new question concerned responses to feartimes (RTs) showed that subjects were significantly ful (versus neutral) faces at relevant versus irrelevant slower to make same/different judgements in displays locations, in the amygdala and related structures. (Figure 1 ). The two faces either both had no effect on error rate, and there was no interaction. had a neutral expression or both had a fearful expression
The overall error rate indicates that the task was atten-(unlike Wojciulik et al., 1998). Stimulus position (vertical tion demanding, as confirmed subjectively by subjects. pairs of faces and horizontal pairs of houses or vice versa) and emotional expression (fearful or neutral faces) varied in a counterbalanced and randomized order. DurEye Movement Monitoring Eye position was recorded online during fMRI scanning ing four successive series of trials, subjects had to attend selectively either to the vertical pair of stimuli or and analyzed to assess any differences in fixation or saccade patterns across conditions. The number of sacto the horizontal pair of stimuli and perform a demanding same/different matching judgement for just these two cades and maximal deviation from central fixation (in horizontal and vertical directions) were calculated durstimuli. Task-relevant locations (vertical or horizontal ing a 250 ms period preceding and a 250 ms period (fearful versus neutral) showed no significant effects or interaction (all Fs Յ 2.8, p Ն 0.09). Importantly, these following stimuli onset, for each trial and each subject. Saccades were very rare. A few saccades occurred after data indicate that saccades were rare, with no major differences in eye position associated with the experistimulus onset (mean 2.9 Ϯ SD 2.8 per event type; 4%), with even less before stimulus onset (mean 1.1 Ϯ SD mental factors critical in the fMRI analysis (i.e., attending to faces versus houses at relevant locations and emo-1.6; 1.5%). Analysis of variance revealed no significant difference between conditions in the number of sactional expression of faces Table 1 ). Attending slightly greater after stimulus onset as compared to before stimulus onset (0.58Њ versus 0.47Њ), a four-way to faces at relevant locations (AF ϩ AN Ͼ UF ϩ UN) produced a marked increase of activity in the fusiform ANOVA with the factors of time (before versus after stimulus onset), task-relevant locations (judging stimuli at gyrus of the right hemisphere, as well as in the fusiform and inferior temporo-occipital gyri of the left hemisphere horizontal or vertical positions), stimulus type at relevant locations (faces or houses), and emotional expression (Figure 2 ). These fusiform areas were remarkably sym- , 1995) . Note that fusiform gyrus showed no main effect of fear (Z ϭ 2.1, p Ͼ 0.01, uncorrected), unlike the right fusiform. Displays here such activation was purely driven by attentional modulation of stimulus processing, as the visual diswith neutral faces evoked greater activity in the right superior and medial prefrontal cortex, by comparison plays themselves were equivalent across the conditions, and the attended stimulus category could not be anticito fearful faces (see Table 1 ).
Effects of Fear Independent of Attentional Condition pated (see also O'Craven et al., 1999).
Attending to houses rather than faces at the relevant The relationship between effects of fear and the attentional manipulation was examined by analysis of simple locations (UF ϩ UN Ͼ AF ϩ AN) activated a distinct network of regions in both hemispheres, with the very main effects (i.e., for each attentional condition separately). This confirmed that the left amygdala response same stimuli, including parahippocampal gyrus, retrosplenial cortex, and lateral occipital regions (Table 1 to fearful expression was significant ( Figure 4B ), even when considering only the subset of events where suband Figure 3 ). These areas have been implicated in the processing of places and navigation landmarks (e.g., jects judged the house stimuli, with the fearful or neutral faces appearing at the task-irrelevant locations (UF Ͼ Aguirre et al., 1998; Epstein et al., 1999).
We next determined the main effect of fearful expres-UN). This comparison showed amygdala activation both in the left (x, y, z, ϭ Ϫ20, Ϫ2, Ϫ18; Z ϭ 3.26, p Ͻ 0.001, sion, by identifying brain regions activated by fearful face stimuli irrespective of the condition of spatial attencorrected for volume of interest) and right hemisphere (16, Ϫ10, Ϫ18; Z ϭ 3.51, p Ͻ 0.001, corrected for volume tion (see Table 1 ). This was assessed by comparing all events with fearful faces in the display to events with of interest). The anterior cingulate cortex in the left hemisphere (Ϫ14, 50, 12; Z ϭ 3.57) and the right hemisphere neutral faces, regardless of whether subjects made judgements on faces or houses (AF ϩ UF Ͼ AN ϩ UN).
(8, 52, 18; Z ϭ 3.29) as well as the right fusiform gyrus (42, Ϫ54, Ϫ20; Z ϭ 3.13) also showed enhanced activaPeaks of activation were found in the left amygdala ( Figure We note that there was no effect of facial emotion in the parahippocampal gyrus (Z Ͻ 1, p Ͼ 0.10, on both activity in the left fusiform (Ϫ44, Ϫ52, Ϫ20; Z ϭ 3.58, p Ͻ 0.001, uncorrected) and left temporal pole (Ϫ32, 2, sides) or in any other regions that responded more to houses than to faces, confirming that emotional modula-32; Z ϭ 3.95, p Ͻ 0.001, uncorrected) but no significant increase in right fusiform. In contrast, when considering tion was anatomically specific, involving the fusiform (plus amygdala and related areas) but not other extrastrionly events with neutral faces, there was a significant increase in the right fusiform (44, Ϫ56, Ϫ20; Z ϭ 3.84, ate visual areas (see Figure 3B ).
Interactions between Fear and Attention p Ͻ 0.001) when judging faces versus houses (AN Ͼ UN). This pattern suggests that the right fusiform gyrus
The fully factorial design of our study allowed us not only to examine responses to fearful versus neutral faces but was independently modulated both by attention and emotional expression (consistent with the results for the also to examine whether such responses were significantly modulated by the attentional manipulation. The main effects above), whereas activity in the left fusiform Table 2 and Figures 4C and 4D ). Critiin our paradigm. This study used a method adapted from the behavioral literature on "inattentional blindcally, the response to fearful faces in the amygdala itself was not significantly modulated by the attentional maness" (see Table 2 ). question about these faces was in a two-alternative forced-choice format: what was their expression (fearful No Effect of Fearful Faces at Task-Irrelevant Locations on the Activations for Attended Houses or neutral), their gender (male or female), and their identity (indicated by selecting one of two face probes, each Given the demanding task, the blocking of task-relevant locations, the brief duration for each display of competwith the same gender and expression, presented on the screen after completion of the two previous questions). ing stimuli, and the strong effects of the attentional condition on fusiform responses to faces, it seems unlikely The questions were posed for faces that had appeared at either the task-relevant locations or the task-irrelevant that subjects inadvertently attended to fearful faces when these appeared at task-irrelevant locations. But locations on the previous trial; expression in these faces had been either neutral or fearful, and the task-relevant if fearful faces at task-irrelevant locations did capture attention, one could then predict that those areas speciflocations were either the vertical or horizontal positions in the cross format-all this was counterbalanced ically activated when subjects were required to attend and judge the houses (e.g., parahippocamal gyri) should across participants. The results showed that subjects were able to judge show reduced activation when fearful rather than neutral faces appeared as distractors. However, this comparithe expression, gender, and identity of faces that had appeared at task-relevant locations (85%, 90%, and son (UN Ͼ UF) showed no significant effect in any of the areas driven by task-relevant houses (e.g., for right 100% correct, respectively) but were at chance in judg- ing faces that had appeared at task-irrelevant locations behavioral confirmation of the effectiveness of the attentional manipulation used in our paradigm. When enon the preceding trial [45%, 40%, and 35% correct, respectively; 2 (1) Ն 7.03, p Յ 0.01 for the difference gaged in the demanding matching task for a pair of house stimuli at the task-relevant locations, subjects between conditions in all cases]. Critically, even judgements of the emotional valence of a fearful face were cannot report the properties of faces that appear at taskirrelevant locations, not even their emotional valence. at chance (40%) in this situation. This provides a direct Discussion faces (Figure 2 ) while leaving the amygdala response to fearful expression unaffected (Figure 4) . These imaging results for the amygdala may relate to This study provides novel findings on the combined one aspect of our behavioral findings during scanning, effects of spatial attention and emotional expression on which also provided some evidence for processing of processing of faces in the human brain. As predicted, emotion at task-irrelevant locations. RTs for matching fusiform cortex was modulated by selective attention to task-relevant house stimuli were slower when irrelevant faces (e.g., see Wojciulik et al., 1998), and the amygdala faces were fearful rather than neutral, suggesting that was activated by fearful expression (e.g., see Morris emotional features were extracted even from task-irreleet al., 1996). Here, such activations were strictly event vant face stimuli. This accords with the fMRI results related, since subjects could not form an expectation showing higher amygdala activity evoked by fearful verfor the presentation of a given stimulus type at the tasksus neutral expressions, even for just those faces that relevant locations nor for emotional expression of faces were presented at the to-be-ignored locations during on successive trials. By manipulating attention and emotrials in which houses were judged (i.e., UF Ͼ UN). tion independently, we were able to demonstrate that Given our task conditions (i.e., demanding matching whereas the fusiform response to faces was strongly task and brief displays with multiple competing stimuli) modulated by the condition of spatial attention (i.e., and the strong attentional modulation observed for fusiwhen faces appeared at task-relevant versus task-irreleform activity, it seems unlikely that the amygdala revant locations), the left amygdala response to fearful sponses found for fearful faces at task-irrelevant locaexpressions was not affected by this manipulation. Right tions were caused merely by inadvertent shifts of fusiform activity was also influenced by emotional exattention to such stimuli. But even if the fearful faces pression, with a greater response to fearful than neutral might tend to attract more attention than neutral faces faces, additive to the effect of attention at this site. By at task-irrelevant locations, some involuntary "preattencontrast, some cortical and subcortical regions showed tive" response to fearful faces would still be required to differential engagement by emotional faces as a function produce this attention capture, such as the amygdala of the attentional condition, including the anterior medial activity we observed. Moreover, the main thrust of our temporal cortex, anterior cingulate gyrus, orbitofrontal results would remain: the amygdala response to fearful cortex, and ventral striatum.
expressions was unaffected by an attentional manipulation that nonetheless strongly influenced the fusiform Amygdala response to faces. A crucial role of the amygdala in emotional processing Importantly, however, several aspects of our results is indicated by previous evidence from animal studies suggest that fearful faces at task-irrelevant locations (Aggleton, 1992 1985; Rees et al., 1999), particularly in situations with Our study provides the first evidence that response to multiple concurrent competing stimuli (Kastner et al., fear stimuli in the human amygdala is not modulated by 1998), as here. Moreover, this result for the amygdala a manipulation of spatial attention that is sufficient to contrasts directly with the robust attentional modulation elicit a significant modulation of the fusiform response found for the fusiform response to faces (and likewise to faces. Thus, amygdala activation by fearful expresfor the parahippocampal response to houses). We cansion was similar when subjects selectively processed not rule out the possibility that some further manipulafaces at relevant locations or, instead, judged concurtion of attention (e.g., an even higher load in the task rent (house) stimuli while the faces appeared at taskperformed at the task-relevant locations) could in the irrelevant locations. The very same attentional manipulafuture reveal some degree of amygdala modulation, unlike the preserved amygdala response we found in the tion significantly influenced the fusiform response to current study. We consider this unlikely, given that the Right fusiform activity also increased when faces were present task situation is already relatively high in percepfearful, in addition to the effect of attention. Such an tual load (see Lavie, 1995; Lavie and Fox, 2000) and additive pattern may suggest independent sources for sufficient to produce inattentional blindness for faces at these two influences (see Figure 2C) . This demonstrates task-irrelevant locations, as confirmed by our behavioral that face-responsive regions of human fusiform cortex control study. In any case, the critical aspect of the can be modulated by emotional expression. This is conpresent findings is that the amygdala shows a preserved sistent with enhanced responses of face-selective neuresponse to fear expression, even under conditions rons to emotional faces versus faces with neutral exwhen other neural systems (i.e., ventral extrastriate repressions in the monkey ( to the amygdala showed responses to fearful faces that study suggests that activity in superior colliculus and interacted with the condition of attention, with activity pulvinar may be strongly coupled with amygdala reincreasing in some areas when emotional faces apsponses to fearful expressions during unconscious propeared at task-relevant locations, while in other areas cessing of masked faces (Morris et al., 1999 ). This could activity increased when emotional faces appeared at accord with a subcortical route in processing of fearto-be-ignored locations. The medial temporal cortex unrelated stimuli (Amaral et al., 1992; Morris et al., 1999) derneath the uncus showed enhanced activation to fearand also with the activation of superior colliculi by fear ful expressions only with attention. Thus, despite its expressions found in the present study, as a main effect proximity to the amygdala, this cortical region exhibited independent of attention (Table 1) . Alternatively, this a pattern of functional activity that was clearly distinct collicular activity could reflect an orienting response from the amygdala (see Figures 4C and 4D ). This region triggered by fear processing ( 
